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HAROLD THOMPSON 
(Read 11th November, 1041) 
PLATES I-III 
SO 'VIE GENERAL CONSIDFRATION S 
It is proposed in this lecture to make ~ome examination of the respol;:o >:.; :,I 
populations to influences brought to bear upon them in their physical and 
environments. I hope to focus palticular attention on the relationship 
research findings and fishe1·ies' management and exploitation. Although 
draw on almost world-wide sources for my examples, most of what is .'aic' 
I think, bear application to Tasmanian fisheries. The latte.r are an important 
in the economy of this sea-girt State and >ne, it is ]Jleasing to note, at 
phase of expansion. My remarks will, I trust, show that it is essential 
that such expansion must proeeed rationally, guided by basic principles 
established-principles which are in harmony with such as were c:spou~eci 
late lVIr. Clive Lord, in whose memory this ledure is given, and to ·who,,~ 
work for science in Tasmania so much is due. 
In his R lVI. Johnston Memorial Lectm·e delivered to this Society, PF.L 
W. J. Dakin (19:34) dealt very fully with the gTeat advances \Yhieh had 
in fisheries' science in preceding, though compar·atively recent, years. 
a decade has passed since this lecture was given, and we have had a second oppor:t<:::::;-
of witnessing, after a prolonged war period, thl! n'sults of compulsm·y resh 
on man's fishing effm·ts. Some apparently fundamental principles, which hacl 
a more prolonged period of testing out, have now become firmly established 
intervening period. I shall therefore endeavom· to illustrate, as far as 
from my own direct association with fisheries' l'esearch in seve1·al widely 
countries, some of these cardinal Jlrinciplt•s which, to a 
welfare of fish stocks. 
Great numbers of fish speeies have been desnibed by taxonomists, each 
being recognisable by certain body characte1·s fixed within certain !imits-cha 
such as size, shape, number of vertebrae, number of Jins and of finrays, na:~:.,." 
dentition and so forth. Within these limits, as we shall see later, it is 
possible to recognise races exhibiting more or less constant minor variation;-; 
characters. Thus it is that experienced fishermen in, say, ~ ewfouncllamL 
themselves on being able to say, f1'0m superficial examination of a catch of 
brought to market, ·from what part of the coast this catch has come. They 
differentiate the round-snoutf'll, plump, fast-growing <:od of the G1·an~l Bank' 
the sharp-snouted, comparatively lean or slinky, slow-g1·owing cod from tl:e 
bays or from Labrador. The gene1·al positon is that certain species have 
established, in greater or lesse1· numbers, to suit the conditions in par:i,~c ,~u~ 
environments. Thus we identify the cod as being the characteristic fish of 
and Newfoundland, just as the barracouta appears to be the most JWolifi:c fA, in 
2 FISH \VELFARE 
Tasmanian waters. In general, the rule holds that in the colder waters of hig:I1 
htitm!es there a1·e comparatiYely few fish species-e.g., cod, haddock, herring-but 
gn•at numbers of each, whereas in t1·opical and sub-tropical seas there a1·e great 
numbers of different species but no colossal quantities of any one species. Thus 
:i'ewer than 100 fish species have been found in Newfoundland waters, whereas ove1· 
20GO species have been identified in Australian waters. In the latter, following the 
same rule, the number of species decreases from about 1900 in Queensland wate1·s 
about 700 off New South \Vales and still fewer in the colder Tasman·ian waters. 
Nor is it possible to introduce a pr'olific cold water species to wanner waters-
for example, any effort to introduce the ordinary herring of commerce, the most 
rnolific fish in north boreal waters, to Australian waters would almost inevitably fail, 
oiNing to the wide diffel'ence in temperature conditions between the two areas. It :is 
also highly questionable whether this fish could be introduced to waters of suitable 
temperature conditions in the Antarctic, since other necessary conditions may well 
be lacking-for example, suitable sea-floor conditions for the deposition of eggs, and 
E:uitable food supplies for the developing and for adult fish themselves. I have myself 
participated in an experiment designed to effect the transplantation of a fish much 
;esteemed in the Billingsgate Market-the Dover or Black Sole-over a distance of a 
me<·e few hundred miles from the East Anglian Coast to the Firth of Forth in 
Seotland. The effort was a total failure-we transferred several hundred of the 
soles, each carrying a tag for its identification should it be recaptured, to the Firth. 
No trace of these tagged soles was ever discovered. It is a fair deduction that the 
1J€W environment was unsuitable for the soles and that they failed to survive. 
In the case of marine fish it appears to be extremely difficult to effect the 
cr,.Jonisation of new environments, ·whereas, of course, it has been found possible to 
<l.chieve success in introducing certain fresh-water fish such as trout. The degree 
o:f success is, however, much less in the case of fish such as the true salmons, which 
nmler natural conditions spend a considerable portion of their life at sea. 
EFFECTS OF PHYSICAL CONDITIONS 
L Effect of En·vil'onm.ent on Pigmentation 
The development of protective coloration is well exemplified among fishes, 
jDst as it is among terrestrial animals. Pelagic fish, and deep-sea fish which swirn 
in the upper water layers, tend to have clark greenish, reddish-brown, or bluish 
eoloration on the dorsal surface, and to be more m· less silvery on the under surface. 
Thus some protection is afforded from predators, which view their prey against a 
clark or a light background from above and from below respectively. Many fish 
};ave the faculty of rapidly altering their colour pattern to match that of the 
environment. This has been shown experimentally in the aquarium by placing a 
Mediterranean flat-fish on a succession of substrates of different patterns. The fish 
c·apidly assumed the pattems in succession to such a degree as to mer·ge into the 
backgr·ound and be quite inconspicuous. In the course of an extensive research 
n·nise from Scotland to Iceland, via the Faroe Islands, I have had the opportunity 
c.£, observing the range of variation in coloration of cod captured in different localities. 
During that cruise the cod taken varied from the orclina1·y reddish-brown of the 
f"o-called rock cod of the reel and brown seaweed zones close inshore, to various 
ciarker tints in cod taken in deeper offshore waters, and so on to the yellow biscuit· 
Lke colour of cod captured on Faroe Bank, where the substratum consists of 
yellowish shell fragments, and to the black cod caught off the coast of Iceland in 
the v-icinity of the volcano, Mount Heckla, where the sea-floor is covered with black 
gTavel derived from the volcano, and from lava blocks which have been broken down 
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by wave attrition. Here, also, other fish such as soles, plaice, haddock, halibut, and 
flounders are black, though this is not their normal colour elsewhere. Albino cod 
wn·e also taken during the cruise. Obviously, in the face of such variation, little 
reliability can be placed on coloration as a c1·iterion in establishing some fish species. 
2. Efj'ect of Temperature 
Variations in the average watel'-temperatm·e conditions in which fish live do, 
however, have definite and recognisable effects. We have already seen that !'elatively 
few species, often prolific in numbers, have succeeded in colonising the colder waters. 
\Ve may again select the typical fish, the cod, as our example. It is essentially 
a wld-water fish-I have found it to occur quite plentifully off Labrador and on the 
Newfoundland Banks at temperatures around 1 o Centigrade below zero, and it occm:s 
commonly at temperatm·es below 7o Centigrade. On the east North Ame1·ican coast 
it occurs from Labrador, where the temperatures are around zero and the growing 
season is correspondingly short, southwards to the New England coast, where 
temperatures are considerably higher. McKenzie (1934), has shown in aquarium 
tests that cod will feed and live in water up to a temperature of about 19° Centig1·ade. 
From a study of the vertebrae and the scales of cod over most of the above 
reg·ion, I was able to deduce that the entire cod population could be split into what 
m-ay be termed races, each exhibiting certain definable characteristics according to 
the zone occupied in the total north-east to south-west distribution. There was, 
for example, a fall from around 55 vertebrae per fish on the cold Labrador coast 
to about 53 in warmer waters influenced by the Gulf Stream (Thompson, 1943). 
Similarly, for the East Atlantic, Schmidt (1930) has found a decrease from about 
54 vertebrae in the colder northern waters to about 5H vertebrae in the warmer 
southern waters. These are, of course, average figures. 
A somewhat parallel effect of temperature can be traced from a comprehensive 
study of the scales of the cod. Under magnification the scales show what may be 
called annual zones, each containing a number of circular ridges, which we will call 
cil'culi. This is shown clearly in colder waters (Plate I, fig. a), where there is a long 
winter break in growth, and less clearly in warmer waters, where growth is more 
continuous. Counting the circuli in the first year zone of scales taken ove1· a great 
range, I found that the average number va1·ied from eight in the cold (Labrador) 
11orthern waters to about 20 in the warmer (Nantucket) southern waters. \Ve may 
also see the imprint of the varying environmental conditions of this region in the 
scales of the salmon. Along with a co-worker (Lindsay & Thompson, 1932), I found 
that the average number of years spent by salmon in the parr stage in rivers, 
before entering the smolt stage and mig1·ating to sea, varied from two in the 
warmer 1·ivers of the south-west to six (with one case of seven) in the colder 
l'ivers of the north-east. Obviously, it takes mueh longer for salmon pan· in the 
shnrt summer of the cold north to attain a size at which migration to sea ean be 
essayed. 
ln the large Australian area, where there is a wide range of wate1· temperatures, 
we naturally find different species of fish acclimated to different regions. For 
example, several species of eels, each with its specific habitat, have been shown to 
occur, each in a more or less circumscribed region. 
In the case of birds, it is common to find that n•igrations occur between \Varm 
feeding and cool breeding climes. Somewhat similar movements can be discerned in, 
for example, the case of the North Sea haddock, which has been shown (Thompson, 
1927) to carry out annual migrations from northel'ly spa>vning to more southerly 
feeding grounds, the net average migration being over a space of about zo in latitude. 
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It would appear that temperatm·e requirements are fairly specific for spawning, 
whereas fish ·will spread out and feed over a much ·wider temperature range. 
It is notewDl'thy that cod eggs, held in water of zero temperature, hatch with 
difficulty, and only 50 per cent of them develop at ail, taking· 40 days in the process, 
whereas at go C. hatching occurs in nine days. 
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ln g-eneral, 8puwning takes plaee in the ck·eper northern watet'::>. 
In the warmer Australian waters hatching of fish and shellfish eggs takes plaef! 
very rapidly. This would aprwar to be a favourable factor and should, in particular, 
aid in cultural experiments, some of which are about to be attempted. 
Thus it is intended to attempt to introduce the Pacific oyster (0 .. uiyas) from 
Japanese to Tasmanian waters. It has hitherto been introduced to east Pacific 
waters with considerable success, but the lower water temperatures there have 
hindered successful spawning. The difficulty has been got over to some extent by 
suspending the oysters in floats where the water could attain a higher temperature. 
Similarly, it is intended to experiment with the artificial culture of the pearl-sheH 
oyster in tropical Atlstralian waters. 
Transplantation of fish to neighbouring but bette1· feeding areas has bee:n 
successfully accomplished. For example, plaice have been transferred from the 
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coastal waters of the North Sea to the Dogger Bank, where water temperatures are 
higher and there is plentiful food. The result was an increase in growth r·ate. 
However, as was indicated above, transplantation to entirely new regions is often 
a matter of great difficulty. For example, attempts to introduce herTing and lobsters 
to New Zealand waters have failed. Better results appear to bP attending current 
experiments to tJ.·ansfer lobsters from the \Vest Atlantic to British Columbian waters 
(Pacific Fisherman, August, 1947). 
Sudden temperature changes of any considerable extent are lethal, as are 
extremely low or high temperatures. For example, the past winter was a very 
severe one in the North Sea, temperatures as low as 1·7o C. at the surface, and 
minus 1' C. at the bottom, being recorded. Observations are to be made on the 
effect of these low temperatures on the plaice. When extremely cold winters have 
occurred in the southern North Sea in the past, large numbers of fish have succmnbed, 
since the water is shallow and fish cannot have recourse to deep water which might 
be of higher temperature. Even in the case of Newfoundland cod, which are 
acclimated to very low water temperatures, sudden changes in temperature may be 
lethal. Such changes can occur when cold Arctic water Jloods a slightly warmer 
area. The cod are at times killed and float t~ the surface. Thus I have related 
(Thompson, 1943) an instance where a vessel, in the Gulf of St. Lawrence, steamed 
through 20 miles of sea where dead codfish, floating at the surface, were observed. 
Instances are even known of cod having been driven by seals from deep water 
to very cold surface water, wheTe the fish were paralysed by the cold, and killed. 
It seems certai1i that the cod is sensitive to very slight temperatur·e changes. 
During experimental fishing on the Grand Bank of Newfoundland, I found that 
in a given locality the fish were consistently aggregated in ~water of a certain 
temperature, and that in a nearby locality, where the water temperature was less 
than a degree higher, they were consistently absent. In general, cod were found at 
spots where lower temperatures prevailed, and haddock in neighbouring localitiec; 
where temperatures were a very few degrees higher. Bull ( 19:16) has shown experi-
mentally that cod are sensitive to a change of tempel·ature of less than one-tenth of a 
degree, thus confirming a finding in the field and carrying it to a finer degree of 
precision by aq<mrium tests. 
Enough has been said to show the very great influence of temperature on the 
welfare of fish. In Australian waters sudden changes of water temperature are 
less in evidence, at least in the lower temperature r·anges. Where fish welfare is 
affected and mol'tality is caused by extreme temperatures it is usually due to high 
summer heating of limited bodies of water---particularly bodies of fresh or brackish 
water. Death in such cases may, however, be due to deoxygenation of the ~water 
through putrefaction of plant and other life which has succumbed. 
3. Effect. of 8al1:nity 
Little need be said on the subject of the effect of water-salinity on fish. It is 
well-known that fish in general are divided into fresh- and salt-water species 
respectively, although certain fish, such as salmon, mullet, and eels, spend different 
phases of their life in fresh and salt water respectively. Als in the case of 
temperature, however, sudden and extensive changes of salinity an· lethal. Such 
changes can, for example, take place at river mouths in the case of the occurrence 
of floods, with severe effect on shellfish, such as mussels and oysters. It is, of course, 
customary for sea-running trout, as a defensive measure, to accustom themselves 
very gradually to the change-over from fresh to salt water, thus avoiding abrupt 
changes in salinity. 
FISH WELFARE 
THE IMPORTANT ROLE OF NUTRIEKT CHEMICAL CONSTITUENTS OF \VATER 
Production of food in the form of fish fiesh depends ultimately on the availability 
in the water of nutrient salts, such as phosphates and nitrates, .iust as crop 
]n·odudion on land depends on similar m1trients in the soil. In the sea, when 
temperatures begin to l'ise in spring, there is, in the upper or phototropic zone, 
an outburst of microscopic plant life or microvegetation, production of which goes 
on m1til the nutrient salts are used up. This vernal outburst of. plant growth 
pxovides food for minute marine organisms, which in turn form the food of the 
smaH larvae and fry l'esulting from the hatch out of fish eggs. These tiny fish are 
part of the food of large1· fish, which at this period of the year feed well and 
PHYTOPLANKTON SLACK BREAM - f CM'. BLACK BREAM - ADULT 
ll~-~~ NALIPLIUS 
DETRITUS 
Fw. 2.-D:iag-ran1 iHnstrating the food eyc!e, culrnlnath1g in the organisms fed on by the .Black Bream. 
\afte1' I.S.R. Munro). 
increase in size. In tropical and sub-tropical wate1·s where there is pronounced 
stratification of wate1· Jayel's-with the warm water normally on top-salts are 
exhausted after a very few weeks Ol' months, and the outburst of growth of microscopic 
plankton dies out. h is during this period that fish, e.g., mullet, put on most of their 
year's growth. In cel'tain localities, however, there may be more or less continuous 
re-introduction of nutl·ient salts io the surface waters through the mixing of 
nutrient-rich waters from deeper layers by favourable currents or swirls. Particu-
larly is this the case whe1·e persistent cold currents flow in from high latitudes 
and cauEe mixing. As an example of this phenomenon the Humbolt Current, 
flowing up the weste.rn coast of South Ame1·ica, may be mentioned. This reg-ion 
i"~ nonowned for its high pToduction of plankton, which supports a great sea-bird 
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]Jetpulation, which has given 1·ise to the great guano deposits of Chile and Peru. 
'This coid cuuent normally dominates the situation, but, to quote the words of 
JJ'Arcy Thompson (HJ37) 'now and then persistent northerly winds check it or 
t:nust it aside. Then comes el Nino, a new warm current upsetting the old 
€CJu:ilibrium; the fish die in millions, the water stinks, the birds starve, the guano 
jndustry cries aloud '. 
To the south of Austl·alasia there is a kindred movement of water, containing 
a ce1·tain admixtm·e of cold Antarctic water, which, while it reaches the South 
Island of New Zealand, keeps well to the south of the southern coast of Australia. 
:Even Tasmanian waters, the coolest of the Australian seas, do not receive this 
A11tarctic water component, nor do they contain typical Antarctic organisms in the 
plankton. H should be mentioned that one method of determining the source or 
sources of watel' masses is to study the types of the o1·ganisms in the plankton. 
I haYe made an intensive study of the Tunicates in the plankton of the south-
eastern Australian region (Thompson, 1942) and have found tropical and sub-
twpical speeies to be present in great numbers, but have not detected the occurrence 
of any one of the very few species which occur in the Antarctic. 
In the cold water of high latitudes there is much greater upwelling of deeper 
'Nater, with copious phosphate and nitrate content. This movement occurs owing 
to the action of the currents, and mixing is also caused by convection which occurs 
when sharply eooled water descends in winter owing to its greater density. In the 
wanner parts of the ocean this mixing by convection is much less prevalent, 
the tendency being towards stratification of water layers, with the warmest water 
n:maini11g near the surface. 
In general, therefore, it is not surprising that phosphate values are high in. 
Antan:tic waters, and comparatively low in tropical and sub-tropical waters. 
These values can be expressed as units denoting parts of P ~0~, per cubic metre 
(Ol" one million cubic centimetres) of water. Values of hom 50 to 100 units occur 
in Antarctic seas, and values of around 15 in Australian waters. It is therefore not 
Burprising; that plankton production appears to be greater in colder than in warmer 
seas, and that Jespersen (1935) found that .. as far as his investigations went in the 
Tasman Sea, the relationship between the amount of plankton taken with a stramin 
net was reciprocal with water temperature. In a passage from east to west across 
the Tasman Sea he found rising temperatures between New Zealand and Australia. 
As the water temperature increased, so did the volume of plankton, obtained by a 
standard technique, fall. 
Since total fish production is dependent, in the ultimate issue, on total 
J.:lankton production, the colder waters of the world naturally produce the heaviest 
and most consistent fish catches. This appears to be clue to the greater and more 
prolonged availability of nutrient salts and not essentially to lower temperature 
itself, since, as I shall now show, low temperatm·e alone does not necessarily 
produce fastest g1·owth in any particular species such as haddock, cod, or salmon. 
Indeed, the axtifkial introduction of nutl·ient salts to warmer waten; can lead to 
-very fast gTowth of fish. Thus, I am informed by Mr. Dunbavin Butcher that in 
L,akes Parrumbete and Coleraine in ·western Victoria, Australia, the growth rate 
introduced Quinnat salmon is very fast indeed. These lakes receive drainage 
from a l'ich ag·xicultural hinterland, and hence are well supplied with nutritive 
salts. This :;.uggests a task for the research worker-to show to what extent the 
productivity of dvers, lakes and ponds, and, possibly, of suitable estuaries, can be 
inc]·eased by tl1e controlled addition of fertiliser or of superphosphate m· oth-er 
rmh·ient salts. 
8 FISH WEI~F ARE 
VARIATION IN GROWTH RATES, E.U., OF HADDOCK, CuD, AXD SAL:>lO'\' 
My own first assignment in the field of fishery research wa;; to a ~tudy of 
haddock of the North Sea. This was in 1921. At that time there was considerabl~, 
controversy as to the value of fish scales in indicating age. Hoffbauer (1898) 
had shown that, in carp, the scales showed annual rings. The position was, 
however, that proof had to be produced. species by species, that annual zones 
could be recognised on the fish st:ale. A.s I will show later, it was possible to 
produce this proof in the instance of most haddock, and it has been possible 
do so also for many other tlsh species. But some species have proved troublesome. 
Thus the cod scale, except (Plate I, fig. a) in regions where then; is a sharp. 
difference between summer and winter temperatures, is not easily interpreted. 
Another prolific fish, the common herring· of commerce, has been the subject 
much controversy on this score, attem])h having bet'n made to prove that 
numbers of apparent zones on the scales eould be explained according to the 
!aws of chance. Intensive research, which has indicated among other things that 
in the North Sea there are spring and autumn spawning seasons, has explained 
away most of the anomalies, and critics of the acceptance of the scale-age theory 
for herring have now been won l'Otmd to the acceptance of this theory. In the case 
of haddock, the position was that whilst Norwegian workers claimed the age could 
be read with certainty from the scales, English workers had found at least 
proportion of the scales unsatisfactory for age-determination tnving to extrr>, 
markings. There is sometimes one such pxtra ring found during the first year, 
when haddock change over from mid-wate1· to bottom feeding conditions. I han: 
also shown (Thompson, HJ26) that, in transfening· haddock from sea to the aquarium, 
the change in conditions can cause an extra ring to be formed. The position to-day 
is that most workers use the scales in the case of younger haddock, but that in 
regions such as Iceland waters, where many oldeT haddock occur. otoliths are usecl aR 
giving a clearer indication of age than do scales. 
\Vithin two OI' three years of commencing studies on haddock scales, I 1.:1·as 
impx·essed with two indications-the first of which was that fish ·of the same age 
attain different sizes in different regions. Thus there is gradation from the dee:, 
waters of the nortl}ern North Sea-where low temperature and scanty food supply 
(even Fonr:minifera are resorted to as food) restrict growth, and wbcre a large 
size could never be attained--through the more genial conditions of shallower banks 
(e.g·., Dogger Bank) and of inshore waters, to the regions of fastest gTowth, wherl" 
food is most plentiful. Such regions are the west Scottish coast, sub;iect to Atlantic 
conditions and, further afield, Faroe, Iceland, and the west Atlantic from Grand 
Bank, Newfoundland, to Brown's Bank, Massachusetts. 
A region of fast growth will obviously, by providing fast recuperation, sustain 
a more intensive fishery than will one of slow g1·owth. It is therefore of fundamental 
impor·tance in fishery investigations to study rates of growth. Prior ti} the 
institution of current investigations, this harl not been done in Australia. In recent 
years the growth rates of mullet, bream (Plate II), pilchard, &c., have bee•; 
determined, and this work is proceeding with respect to other fish such as salm01:. 
tuna, barracouta, and trawled fish such as flathead. In the latter case-the flat·-
head-the tiny ear bones (otoliths) are being used (Plate III). Even in the case 
of the scallop--a shellfish-it is being· found possible to make use, in genera! 
biological studies, of the periodic markings on the shell (Plate I, fig. b). 
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FLUCTUATJOXS IN FISH STOCKS 
The second inciication that impressed me was that the yeaY classes were not 
equally repr<csente.d in the total haddock population. It soon bec:ame clear that the 
survival 1·ates from successive sp:nvning seasons varied, sometimes vel'y greatly 
\Thompson, 1822). 1\ o1·wegian worke1·s had j)]'eviously shown that in the case of 
~he herring one yem· class could be born and sm·vive in such great quantities as to 
iorm the major pm·t of tbe catches for a series of yem·s. In the case of haddock 
something similar was soon shown to occur. The yea1· classes of 1920 and 1928 
~.sere, in succession, dominant, and tho"e of the inte1·vening years 1921 and 1922 
dmost complete failures. l found it ditrlcult to convince some of my colleagues of 
:he truth of this at the time-so much so that in 1922 extra c:ruises were m·ganisecl 
scom· the N'Ol'th Sea for the baby haddock which, it was assumed, should be 
:present, but which had not shown up in any nmnbe1·s in the catches of the experi-
mental trawler. At this time interest in the position of the haddock fishery was 
stimulated. \Ve had seen an increase in the haddock stocks, occasioned by the rest 
;Jeriod-one of recuperation~-enjoyecl by the stocks during 'IV orld War I, when, 
as du1·ing the recent war, fishing activities were gTeatly l'educed in the North Sea. 
In 1919, the year following the war, large haddock we1·e four times as plentiful as 
they had been in 1913, the year before the war. A rapid sequence of events 
followed-the resumption of the fishery, which rapidly reduced the haddock stocks 
to a much lower level, and the failm·e of two successive year broods-those of 1921 
and lfJ22, which further reduced fishery returns to an unprecedentedly low and 
11m·emune1·ative level-so that it was commonly thought in the trade that the 
fishery was finished with, at lE:ast for the time being. I therefore published a 
:f01·ecast in these words 'The 1920 brood in 192:3 and HJ24 should allow the haddock 
rlsheries to recover from their present depression. Should this prove to be true, 
the scale theory, as far as the fOl'mati.on of one l'ing per year goes, should, in the 
main, be established for the haddock'. As was anticipated, catches turned upwards 
in 1928. The 1920 brood was being caught at commercial size, and former! 70 per 
eent of the total haddock catch in 192~). Furthermore, whereas in 1922 little trace 
eould be found of baby haddock, in 1923 the resea1·ch vessel found them in prolific 
numbers over most of the no1·thern region, and it was possible (Thompson, 1928) 
tn predict the further recovery of the haddock fishery in 1824 and 1925, when the 
Hl28 fish would have attained marketable siz.e. From that time, through a sustained 
study of the 1·elative degree of success of successive year broods, a p1·ediction 
system for North Sea haddock was maintained. 
In more recent years forecasts have come to be made with regard to other 
fish whose biology has been intensively studied. Thus Hickling (1946) states that 
in any one yea1· the abundance of small hake likely to occur to the south and 
south-west of Ireland can be forecad five years in advance, if the temperature of 
the sea surface in that year is known. A l1igh temperature at the surface means 
'' high survival rate of newly born hake. In the case of haddock the causes of 
good and bad survival rates a1·e not known. They might include absence of suitable 
food supply for the myriads of young fry, or even the canying by adverse currents 
of the eggs or early pelagic stages into regions where conditions for further 
development are unsuitable. 
The study of growth 1·ates and the ~tudy of fluctuations may therefore be 
b1·acketed together ns being of fundamental importance to commercial fisheries. 
Examples have been drawn above hom authenticated cases in large fisheries 
studied over a period of years. In Australia similar studies are now in progress 
and already we see signs of useful r<c,ult~. An instance !flathead fluctuation) will 
be mentioned below. 
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THE li'iFLUENCE OF l\L\K ox AQUATIC LIFE 
Yonge (1947) states that man had little direct influence marine life tiH 
about two hundred years ago, when there began a vast and indiscrinlinate slaughter, 
leading to the extermination of some species-for example the No1·thern Sea-Cow 
in the north Pacific. Another member of the sea-cosv· group ( Sirenia) ~-the dugong 
of Indo-Pacific Seas-still ~urvives, but requires protection. The population of 
whales in Arctic regions has been reduced to ve1·y meagre numbet·s. and that of the 
Antarctic, upon which the modern highly mechanised whaling industry is based, 
has also suffered great diminution and is receiving a measm·e of protection. 
Ommanney (19:38), commenting on the position with regard to t!:C" elephant seaL 
states that at South Georgia, where killing is restricted to old butts, numbers are 
being maintained, whereas on othe1· islands where no regulatory nwasui"es han~ 
been adopted, this seal is dying out. It is the function of scientific investigations,, 
such as thoRe carried out so successfully by the ' Discovery' expeditions between 
the two world wars, to secure the necessary fundamental biological information 
upon which to base measures of conservation or, to use the ~words of D'Arcy-
Thompson (1937) 'to tell the commercial world how far greed might safely go'. 
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per days' fishing, by English steam trawlers was 7·8 in FlOG. By 1914, at the 
beginning of the war, it had dropped to 4·1), but it recovered to 15·8 in 1919, at the 
conclusion of the war. However, by 19:37, it had receded to a new lo\Y of 2·7-
a desperate situation. Here we see unmistakable evidence of a fall due to increased 
fishing intensity up till 1914, a very marked recovery by the end of the war, and 
subsequent and still more pronounced drop up to 1937. From a report (1.94G) 
on the sea-fisheries of England and \Vales for the years 1939-1944 inclusive, 
we learn that the North Sea was closed throughout World War II, except for a 
belt down the east coast varying from 15 to 30 miles wide. The landings of demersal 
fish fell in 1940 to 31 per cent of the 19:38 figures, and still further to 24 per cent 
in 1941, afterwards· rising slightly. The report says that there has been in several 
areas a marked increase in the vveight of fish on the gTounds, due to the decrease 
in the intensity of fishing, this increase being of the order of from 250 to 400 
per cent, according to area, and as measured by catch per unit of fishing effort. 
Besides being more numerous, the fish were larger than before the war. Here is a 
statement taken from this report: 'It is common knowledge that. after the 1914-1918 
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v;ar tbere was an uncontrolled scramble ... to send tl·awlers and other fishing: 
•,·essels to tbose fisbing grounds which had been closed for the dm·ation of the war, 
without any regard to the consequences. For a year or two large landings 
and high p1·ices resulted, but the inevitable slump followed and fishing became 
uneccnomic. By the time the 1N oriel \Var was in sight most of the British vessels 
working this a1·ea were wo1·king at a loss . . . . The North Sea had, in fac:t, 
been ovel'fishtd, anrl the same was true of other areas. So many fish had been 
taken out that the remaining stocks could not maintain themselves '. Hickling: 
(Hl413, 19413a.) also states that since 193~) there was a spectacular improvement 
in the catch of fish per unit of fishing effort on Porcupine Bank, off the west coast 
of Ireland. The increase extended to many fish species and varied from 50 per 
cent in the case of small to :200 per cent in the case of large trawle.rs. With 
1·egard to hake, he states that the rate of reduction of stocks fell from 413 per cent 
per annum befor·e the war to 21 per cent during the war. Consequently, from 1942 
to HJ44 a fleet reduced to 8000-9000 tons landed more hake than a previous fleet 
of 20,000-29,000 tons. In 1945 a fleet of less than 10,000 tons caught two-and-a-half 
times the amount caught in 1932 by a fleet three times as large. 
However, Hickling, who recently visited Sydney, has informed me that North 
Sea catches have already fallen by about 50 per cent from the high level of the 
immediate post-war period. With regard to hake, which is fished chiefly on the 
western fringe of heland and Scotland, and hence mostly outside the North Sea, 
he shows the transition from the war-time accumulated stock to a peace-time 
reduced stock, occasioned by the increase in the size of the trawling fleet. For the 
period Hl20-Hl~38 he draws a regr·ession line (the upper line in the accompanying· 
diagram) showing that, the large1· the fleet, the smaller was the yield per unit 
of effort expended. For the period 1942-1944 similar regression line has been 
drawn t.lwoug·h points indicating yields per gross ton employed in the fishing fleet. 
Other fish stocks now show similar war-time and inter-war-time tJ·ends. Thus 
G. A. Stevens ( 1947) states: ' Before the outbreak of the 1914-18 war and for a 
few years after its close the Cornish long-line fleet, working from Newlyn, used 
on an average to work from 1000 to 1500 hooks per vessel on from 2~ to 3 miles 
of line. Gradually th<ly became oblig;ed to use from 2000 to 4000 hooks on from 
,'} to 7 miles of line in order to catch the same amount of fish, or rather less . 
.i'v!o1·eover, instead of fishing as a rule within a radius of 50 .miles from the port 
they had to operate on grounds up to 90 or· even 100 miles distant. In due com·se 
no further increase in the amount of gear that could be used from the existing 
vessels could be made. The extreme limit of their range was also r·eached, and 
the catches continued to fall . . . . But war came and the grounds were rested, 
and catches were good once more'. The fishery referred to the elasmobranchs, 
or gristly fishes, the rays and skates, and we see a somewhat parallel state of 
affairs in the south-eastern Australian fishery for another elasmobranch fish, 
the school shark. This fishery received an impetus during- the war on account of 
the need for liver oils rich in vitamin A, and Victorian fishermen have found it 
necessary to go further and further afield for good supplies. 
Similarly, with regard to some crayfish grounds, the areas covered by fishermen 
in order to secm·e an economic catch is steadily increasing. In New Zealand and 
South Africa there has been little recovery in some areas where stocks of crayfish 
have previously been reduced to low limits. 
\Vith regard to the important trawling industry of New South Wales, investi-
gations have been and are being made on the level of the more important fish 
stocks. The peak in this fishery was reached in 1929, when 15 million lb. were 
taken by 17 tl·awlers. There was a ~ubsequent drop to a low of 10 million lb. 
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in 1935, but a reduction in the number of trawlers to Ll enabled the stocks to 
recover and a steady return of about 12 million lb. by 13 vessels can apparently 
be sustained. There was marked over-fishing f1·om about 1928 to 1935. In the 
earlier days (1918-1926) this fishery produced from 5-7 cwts. of fish per trawling 
hour, compared with 2-n cwts. in the period 1930-1940. There was a phenomenal 
increase in the smaller (Danish seine type) trawlers in the late war and in the 
post-war years, so that in 1946-1947 there was a total fishing effort from a fleet 
of about 4600 trawler tons, compared with 4000 trawler tons in HJ2~1. At present 
there is a fishing potential of over 5000 trawler tons, whereas a figure of about 
:3500 appears to be the maximum required if stability of fishing results is to be 
rnaintained. 
There is no evidence of any very remarkable increase in stocks (on North Sea 
standards) during the war. The position is that the average catch of tiger 
flathead-the chief trawled fish-has dropped quite considerably since the war, 
and this decrease in flathead has directed more attention to the taking of other 
varieties of fish, such as morwong. It should be mentioned that Tasmania is 
interested in the trawl fishery to a more limited extent, the research seine trawler 
' Liawenee' having from time to time made good catches off the east coast of the 
island. 
Obviously, while it is certain that Australian fishery resources are far f1·om 
fully utilised, there is a distinct need for careful management in some instances. 
This is necessary if the maximum return is to be achieved over an indefinite period, 
as it can be. A limit must be placed to the degree of exploitation in the case of 
most fish species (an apparent exception being the prolific herrin'g in the North 
Atlantic). There is a limit to the number of new grounds which can be turned to, 
and the hatching and turning into the sea of fish fry has never been proved to be 
beneficial. Useful measures which can be taken, once sufficient basic data have 
been accumulated to suggest, what they should be, may include the avoidance of 
the capture of a great proportion of what are termed undersized fish, whether by 
increasing the size of the meshes of nets, or by instituting minimum size limits' 
of fish to be marketed; protection of spawning fish or spawning grounds; and 
limitation of the total permissible catch. One or two examples may be cited. 
In 1935 W. C. Herrington, after investigating the alarming· decline in the 
catches of haddock on the once prolific George's Bank off the east coast of the 
United States, drew attention to the effect of using in the cod-end of the commerical 
trawl a mesh of only 3 in~hes. He indicated that trawlers once destroyed 63 million 
baby haddock in one season and advocated a 4~-inch mesh in the cod-end. His 
experiments, carried out on a commercial scale, showed that four-fi.fths of these 
brood haddocks could be allowed to escape without reducing the amount of market-
able fish captured. At the 1935 meeting of the North American Council on 
Fisheries Investigations, at which I was present, an international treaty was 
favoured to protect the fisheries of all banks. Nothing however was done. In the 
fisheries journal 'The Atlantic Fisherman ', of January, 1947, it is stated that 
the Atlantic Fishermen's Union drew up, in 1942, a bill to be introduced to Congress, 
limiting the size of fish to be marketed and restricting fishing during the spawning 
season, but no one would sponsor the bill in Congress. The journal goes on to state 
that fishermen are now finding it necessary to go further from the home port. 
It is of interest to note that similar experimental work in the North Sea has 
shown that an increase of mesh would spare a proportion of young fish without 
reducing the marketable catch. Since it was known that the fishing grounds of 
western Europe were again well stocked after the war, the British Government 
ralled an international confe1·ence in London in 1946 to discuss the over-fishing 
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problem. It was agreed to increase the mesh size of nets, and also to set a stz0 
limit on 12 of the most important demersal ground fish. An advisory commithoe 
was also appointed to give special attention to the matter. 
In the case of the Australian flathead it is now proposed to test the effect of 
using a 3~-inch, instead of the existing :3-inch, mesh in the cod-end of nets used 
by trawlers, the object being to allow a considerable proportion of small and 
unsaleable fish to escape Thus it should prove helpful if the small two-yea1· 
flathead were aliowed to escape and grow to a larger E'ize. But quite apart from 
this conservative measure, it may also prove to be necessary to restrict the total 
tonnage of the fishing fleet, or to protect spawning fish. 
In the case of the Pacific halibut, a sharp decline in stocks has been checked 
and the downward trend reversed--in this case, not by the intervention of a war 
period, but by the application of conservative measures based on scientific evidence. 
Through treaties subscribed to in 1H24 and 1930, and renewed in 1937, by Canada 
and the United States, limits were set to the quantities of halibut to be taken, 
and certain important spawning grounds were protected. The halibut population 
has, as a result, greatly increased and the fishery has been rescued from its state 
of reduction to an uneconomic leveL Here, as elsewhere, it has been abundantly 
shown that, paradoxical as it mig·ht appear, a greater quantity of fish can, in the; 
case of some fish stocks at least, be taken by reducing the actual fishing effort. 
AIDS TO THE FISHERIES FRONI RESEARCH 
The increasing tendency towards management of the fisheries on a scientific 
basis has manifested itself during the period between the two world wars. As in 
the case of forest management, it has come to be realised that only the natural 
increase can safely be 1·emoved. 
During this period, scientific investigations have laid bare, or emphasized. 
certain truths of first-class importance. Let us recapitulate some of the chief 
of them. 
1. Fundamentally, productivity in the sea, as on land, depends on the cwailability of 
mltYitive salts such as phosphates and nitrates. The action of light rays., 
which penetrate to a depth of about 200 metres, creates a plant life upon 
which a herbivorous fauna grazes, this fauna being, in turn, utilised by 
animal life up the nutritive chain. The normal colour of water is azure blue. 
on account of its ability to absorb red rays. On fishing banks, such as the 
Newfoundland banks, the colour is green on account of abundance of micro-
scopic plant life (diatoms, etc.), aided by matter in suspension. On banks, 
and in cold water generally, the supply of nutritive salts tends to be regenerated 
by mixing caused by water movements (upwellings, eddies, convection, etc.) 
after the supply of nutritive salts has been exhausted, as they tend everywhere 
to 'be by the outburst of growth ('flowering·') each spring vvhen temperatures 
begin to rise. Thus, as D'Arcy Thompson (1937) states, a vast abundance of 
1ife strikes every naturalist in Arctic or Antarctic seas, the coldest of Antarctic 
waters being the richest in the world. Commenting on the results of the investi-
gations of the ' Discovery' expeditions, he states that the gathering places of 
the whales may be expressed in terms of plankton (e.g., the big shrimp-likP 
Euphaus·ia superba which is the staple food of the blue whale) and also of the 
phosphate supply. ' 
A systematic survey of the availability of nutritive salts in Australian 
waters, which are h·o1)ical and sub-tropical, Is proceeding. The general level 
is not high, although there are exception~ where local mixing occurs. 
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In fresh or in more or less closed waters it may be possible to augment; 
phosphate supplies by artificial addition. This may, for instance, be of interest 
in the rivers and lakes of Tasmania. These will always provide satisfactory 
angling for the few, but to provide it for the multitude it will probably be 
necessary to adopt artificial measures, possibly including feeding under control 
as practised abroad. For example, at Healing, in North Lincolnshire, near the 
fishing port of Grimsby, rainbow trout are forced to a weight of about G ozs. 
~n a year by being fed each morning in ponds with minced small cod and 
whiting, which are cheap at the fish market at Grimsby. (Banacouta might 
similarly be used in Tasmania.) Well over 100 lb. of trout are sold per week, 
each pound of trout requiring about three pounds of cheap sea food for its 
production. 
It should be noted, however, that plankton is not necessarily uniformly 
distributed in water where nutrient salt content is uniform. As Lucas ( 19471 
has pointed out, it has been shown in recent years that many organisms appear 
to require certain substances (e.g., of the nature of enzymes, hormones or 
vitamins) which they themselves cannot manufacture, and which ar,e not 
normal foods. These substances may either stimulate or inhibit various biological 
processes. Thus the presence of some plants, when abundant, may have an 
inhibitory or even a lethal effect on associated animals, virtually 'excluding' , 
them. This may be due to the effect of external secretions of such plants. 
Thus 'krill '-and therefore whales which feed on it, have been shown to 
avoid vvater of the highest degree of plant productivity. Likewise, Savage 
and Hardy (1935) have shown that the presence of dense patches of plankton 
(e.g., certain diatoms) over the normal herring fishing areas of the North Sea 
can be a;osociated with poorer than average herring catches. 
2. A second finding of supreme importance has been that growth Tates of fish 
vary quite considerably. Within limits, growth rate is a function chiefly of 
food supply, and it is desirable to secure a high survival rate in areas where 
food is abundant. In areas of slow gTowth, only a restricted fishing intensity 
can be sustained. Increase of food by adding fertilisers to sea-water is still 
at the experimental stage, some success having been obtained in limited watel:" 
masses (Gross, et al., 1946). It is hoped to start preliminary fertilisation 
experiments in a freshwater area in Tasmania shortly, and such experiments 
have been instituted in connection with oystel:" cultivation in George's River, 
New South ~Wales. In densely populated regions of Asia, where manurial 
matter is abundant, large quantities of fish are, of course, produced by ferti-
lisation of ponds, etc. 
3. A third outcome of fisheries research during these years has been the production 
of proof absolute that, owing to natural causes, fish stocks fluctuate in number, 
the fluctuations being sometimes so violent as to be~ almost catastrophic in 
their effect. Perhaps the failure, in two successive years, 1921 and 1922,, 
of North Sea haddock broods has so far provided the most striking demonstra-
tion of the disastrously low level to which fish stocks can be reduced ·when, 
with stocks already in an over-fished condition, spawning seasons fail to provide 
reinforcen1ent of numbers. 
From the continuous study of fluctuations and of the composition of age-
groups of the stock, it has been possible to make short-term predictions of the 
course, not only of the haddock fishery, but of the fisheries based on other 
species (hake, herring, pilchard, etc.) in various regions. Such }Jredictions 
are of obvious value to those concerned with outfitting for participation in 
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the fishery. Fortunately, in the case of any one spedE"s, fluctuations may 
affect one region more than another-thus the codfishery on the coasts of 
Norway and Newfoundland may be good now on one pc.rt of the coast, now 
on another; and, since the time of incidence of advn·se fluctuations is not 
necessarily the same in different spedes, fishing effort can be directed from a 
species in an unfavourable phase to othe1· species in more favourable phases. 
It is inte1·esting to note, fo1· example, that of the two g1·eat Californian 
fisheries, that fo1· tuna was in 1946 the most produc:tive on 1·ecord, and that 
for pilchard the least productive. Thus those entering on new phases of the 
Australian fisheries would be well advised to equip their VPssels for nn1·e than 
one type of fishing. 
4. A fourth major finding in these last twenty-five years has derived from the 
gigantic, though involuntary, experiments in conservation imposed by the two 
world wars. It is that of the 1·emarkable capacity for regeneration possessed 
by fish stocks which have been ove1·-fished. After both wars fish taken in areas 
more or less closed to fishing have proved to be much more plentiful, and to 
be of a larger average size, than those taken at the commencement of hostilities. 
This is a heartening consideration, ensuring as it does positive results for 
such lesser measures of conservation as ri1ay be thought to be administratively 
advisable. The remarkable speed, and the extent, of the reconstitution of 
fish stocks towards a high level are doubtless largely due to the great fecundity 
of fishes-a fecundity not shared by marine mammals such as, for example, 
whales and seals. In the case of whales we know that a very great number 
of years must of necessity pass befo1·e a badly attenuated stock, such as that 
of the Arctic regions, can effect even a moderate recovery in numbers. In the 
case of the Bay of Biscay, for example, the Basque harpooners killed out the 
Atlantic whales, so that no mo1·e we1·e seen for nearly 100 years. In the 
Antarctic, to quote Rudel (19:39-41), 'the stock of the blue whales has been 
reduced to such a degree that the chance of catching a blue whale in 1938-:39 
was less than half of what it was in 19:3:3-:34, in spite of the increase in the 
efficiency of the boat and the activity of the gunner '. In other words, the stock 
of whales has fallen below a level which can be balanced by increased fishing 
activities. 
PROBABLE FUTURE TREND IN FISHERY RESEARCH 
It is to be anticipated that the tendency towards the application of scientific 
n~anagement to the fisheries will not only continue, but be accelerated, using 
tec:hniques already to hand, techniques which may well be added to as further 
discoveries come to light. Thus, while fiRhing techniques for both pelagic (surface) 
r:nd demersal (ground) fisheries have been well perfected, much might ensue from 
the development of methods of taking mid-water fish. Among other results there 
should accrue some much-needed knowledge of the mid-water phases of the life-
histories of such fish as herring and salmon. Particular attention is likely to be 
given to causative factors in the occurrence of freshwater and marine life. 
A quarter of a century ago public interest, and that of the industry itself, in 
1·esearcb was somewhat apathetic, but occurrences in the interim have quickened 
that interest. On all hands we see evidence. of this. British fisheries research is 
being extended to cover the prolific, though distant, Arctic grounds, and a large-
scale scheme of fisheries research is being planned (and in some cases has 
commenced) for the Colonial Empire. In the March, 1947, issue of the 'Pacific 
Fisherman', under the title of 'Tide of Research Rising', we lea1·n of the intention 
:in the United States to expenc! very large sums in 1·esearch in its Pacific possessions 
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and the Philippines, and also that the great Californian ~ardine industry wi><hes 
Congress to provide $1,000,000 for research on the sardine stocks which, owing 
possibly to natural fluctuations, have at times yielded disappointing catchell. 
At the request of member nations, the Food and Agriculture Organisation of the 
United Nations intends to set up Regional Councils for the stimulation and co-ordina·-
tion of oceanographic research. One such Council is expected to be established 
for the Indo-Pacific region, including Australia. 
In Australia, the activities of the Fisheries Division of the Council for Scientific 
and Industrial Research are being intensified with regard to securing the necessary 
data both for the further development of industries based on the marine resources, 
and for the rational management of such existing fisheries as are fully exploited. 
\V"ith regard to the latter, for example, requests have been received fl'Dm State 
departments and local authorities for investigations to be conducted into condition 
of various stocks upon which important fisheries are based, such as the New South 
Wales trawling industry, the Queensland mackerel, the Tasmanian whitebait and 
scallop, the school shark, the Tasmanian and other crayfishes, and the freshwater 
tr·out of Tasmania. 
In Aust1·alia, as elsewhere, the prosecution of research is essential if only as a 
policy of insurance for the maintenance of existing fisheries; and in Australia, 
where fisheries are only partially developed, the outlay on such a policy must of 
necessity be increased to ensure expansion on a sound basis. At the same time, 
the expenditure on research must bear a reasonable relationship to the actual and 
anticipated commercial returns of the fisheries. 
DEVELOPMENTAL POSSIBILITIES IN AUSTRALIAN WATERS. 
Having seen that some sections of the Australian fisheries have been exploited 
to the extent that there is already a call for their conservation, let us now comment 
on other sections, some of which are probably not yet fully exploited, and others 
of which-particularly those dealing with pelagic fish-stand at the threshold of 
exploitation subsequent to the carrying out of much exploratory work by aerial 
reconnaissance and research vessels. Existing fisheries which could sustain 
expanded effort are, in my opinion, those based on barracouta (the catch of which 
in Tasmanian waters has risen considerably in recent years, partly owing to the 
stimulation of war-time regulations----,and there are distinct possibilities further 
afield, e.g., in Western Austt·alian waters); Australian salmon, upon which a. 
canning industry is already based, and the distribution of which, being easily 
studied :from the air, it is proposed to determine with precision; school shark and 
crayfish, both requiring some aid from conservational measures in Tasmanian 
waters where they are most heavily fished, but both probably capable of supporting 
an expanding fishery elsewhere in southern Australian waters; the fisheries of 
tropical waters in general-including those based on pearls and pearl-shell, 
in connection with which improved cultural methods are to be tested; the oyster 
and scallop industries, both of which are now the objects of scientific study; and 
the sea-weed industry, founded during the war :for the production of agar-ag·ar, 
but, as far as Tasmania, at least, is concerned, capable through the existence of 
extensive beds of Macrocystis, of providing raw material for the production ol' 
alginates. 
With 1·egard to the development of the pelagic fisheries, we stand at a most 
interesting stage. The preliminary study of the distribution and seasonal occur-
rences o:f the surface fish is now being actively continued beyond the region of 
south-eastern Australia. In the latter region, including Tasmanian waters, this 
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study has been reasonably well completed, and efforts are now being made to 
develop the canning industry. On shore there have been installed the necessary 
cold-stmage facilities to accept and hold occasional large catches, which can then 
be gradually passed through the canneries. The horse mackerel (Trachurus no1,ae 
zc)undiuc), since it had, during the appropriate season, frequently been observed 
to occur in dense shoals in more Ol' less sheltered waters, was thought to be the 
first species of pelagic fish likely to be taken in quantity by the purse-seine net, 
aCJd this has pnJVecl to be the case. Hauls have been made both in eastern Tas-
manian waters and off the coast of New South \Vales. So far several catches of 
around 18 tons each have been secured, and these may be expected to be improved 
upon with experience. The capture of tuna by pu1·se-seine will also be attempted 
shortly. This operation calls for the exe1·cise of considerable skill. Hitherto the 
method of jigging or trolling has been tried out in these waters with, on the whole, 
unsatisfactory results. The Division of Fisheries of C.S.I.R. is stimulating, and 
co-operating with, commercial interests and selected fishermen in the testing out 
n~ va1·ious types of fishing gear used in such work. This work extends beyond 
mackerel and tuna to smaller fish, such as pilchard, sprats, and anchovies. With 
Tegard to these three latter species smaller nets are employed and occasional 
catches of from a few hundredweights up to five tons have been effected. I think 
it can nmv be said with confidence that the development of an industry based on 
.Australian pelagic fish has begun, and that this industry will reach significant 
proportions as compared with the already existing fishing industry, which is based 
largely on deme1·sal and estuarine fishes. It is a virtual certainty that Australia, 
with its large seaboard, will share in a generally increased production from the 
marine resources of the southern Pacific, which at present yields only a paltry 
2 per cent of the fishery products taken from the Pacific Ocean ('Pacific Fisher-
man ', August, 1947). 
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PLATE I 
.F]G, a.-1\1icrophotograph of a typical seale front a Newfoundland codfish, showing four completed 
years of growth. 
JTJG. h.-One Yalve of the shell of a Tasmanian seallop, showing: five apparent annuli and some growth 
in fifth year. 
i Photos. A. Proctor.) 
PLATE 11 
A bream, with a microphotograph of one of its scales showing four completed years (Jf growtho 
The seale grows in proportion tn the- fish, and by n1easuring the- annual increments in the scalet 
the rate of growth of the fish can be determined. 
(I.S.R. Munro del. Photo. A. Proctor.) 
PLATE Ili 
Mi(·rophotographs of otoliths from six flathead:-
L Length of fish 4 inches. No annulus yet formed in otolith. 
2. Length of 
3. Length of 
4. Length of 
5. Length of 
IQ. Length of 
fish 7 inehes. 
fish lH inches. 
fish 13i inches. 
fish Hi~ inches. 
fish 1G1 jnches. 
About to _form second annulus. 
Two eomplete annuli; third about to form. 
Three complete annuli. 
Four complete annuli (first incHstinet). 
Four dis.tinct annuli; fifth just form:ing. 
(Prepared by W. S, F3irbrith;e. Photo. A. Proctor.) 
PAP. & Paoc. RoY. Soc. TAs. 1947 PLATE r 
PAP. & l1Roc. RoY. Soc. 'rAs. 194-7 PLA'iE II 
AGE & GROWTH --AUSTRALiAN BREAM {t.CANTHOPAGRUS AUSTRALIS) 
AC.E & SIZ.E OF BREAM CALCULATED fROM 'THE 'SCAl[S: 
BREAM SCALE 
(Highly Mdgl'lif!~) 
6 lnchu 
All IMMATURE 
-----
No Egqs •re producE-d 
sp•wnE>d during the .first THREE 
'fEARS of qrowth. 
1%. lnch"s 
MATUR£--
Bre.~~rr. bvc; iVI to 
sp.~wn flif the Md 
of~ 
PLATE-HI~-
